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Research developed at Departamento Objective: to investigate the correlation between the tongue pressure and the electrical
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Gerais, Brasil Methods: a across-sectional, observational and analytical study conducted with 15
men and 22 women. Each participant underwent simultaneous assessment of maxi-

Conflict of interest: Nonexistent mal tongue pressure through the lowa Oral Performance Instrument (IOPI) and the

surface electromyography of the suprahyoid muscles. They were asked to press the
tongue against the hard palate in the anterior and posterior region, with and without
IOPI. The adopted significance level of the performed analyses was 5%.

Results: there was a moderate and significant correlation only between suprahyoid
electrical activity and tongue pressure in the posterior region. It was verified that the
measured electrical potentials, when using the IOPI, were greater in the tasks of ante-
rior pressure than in the tasks of the posterior one, bilaterally. Without using the 0PI,
the electrical potentials were greater in the posterior pressure than in the anterior one,
bilaterally. Finally, the values of lingual pressure were compared with the bulb positio-
ned in the anterior and posterior parts, and the anterior tongue pressure was higher.

Conclusion: there was a moderate correlation between tongue pressure and electri-
cal potential of the suprahyoid muscles, researched by the surface electromyography,
only when performing activities with the posterior portion of the tongue.
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INTRODUCTION

The tongue participates in several functions of the
stomatognathic system, such as chewing, swallowing
and phonoarticulation'. Changes in tongue tonus
may interfere with the orofacial myofunctional perfor-
mance and impair the individual’s quality of life?s.
The tongue tonus, when altered, can also influence
dental positioning, since the dental arch is submitted
to different strengths, in different amplitudes and by
varied organs, such as cheeks, lips and tongue*.
When one of these strengths excels it is possible that
tooth movement occurs, especially if this strength is
constantly exerted on the teeth*.

The evaluation of the tongue tonus then becomes of
great relevance, allowing to define the intervention and
monitoring when necessary®. However, this evaluation
is usually performed in a perceptive way, since the
means available to measure this parameter are scarce.
This personal evaluation, based on the professional’s
experience, can generate divergence of opinion,
especially when the examiners present little clinical
practice® Thus, the development and application of
objective methods have been expanded in Orofacial
Myology®.

The lowa Oral Performance Instrument (IOPIl) is
a device that provides numerical data about tongue
pressure and resistance. It consists of an air bulb
connected to a pressure transducer and has been
increasingly used in several countries in research
and clinical practice” Researchers have used IOPI to
measure the tongue of adults®, children and adoles-
cents®, individuals with dysphagia®, cleft lip and
palate', obstructive sleep apnea', head and neck
cancer'®, muscular dystrophy'4, Parkinson’s disease',
individuals who suffered head injury’® and other
changes. Besides, data provided by the IOPI were used
to prove the efficacy of Speech-Language Pathologyto
increasethe tongue strength'”'®. And the exercise of
pressing the IOPI bulb against the palate proved to
be efficient in improving the swallowing of individuals
who suffered cerebrovascular accident’®. Moreover,
researches carried out with adults” and elderly®
showed that the IOPI tongue pressure values presented
acceptable reliability.

Another method used in the indirect evaluation
of tongue strength is the surface electromyography
(EMGs) of the suprahyoid muscles. The examination
captures the potentials of action generated in muscular
contractions and allows the comparison of these
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values in relation to the amplitude and duration of the
movement?'25,

The suprahyoid muscles play an important role
during swallowing because they are involved in the
laryngeal elevation®. One study found that the increased
tongue pressure against the palate coincided with
increased suprahyoid muscle activity?, suggesting that
tongue pressure exercises on the palate are indicated
to strengthen not only the intrinsic musculature of the
tongue, but also of the supra-hyoid muscles, improving
airway protection during swallowing in patients with
dysphagia. Thus, some studies use surface EMG
of the suprahyoid musculature to compare tongue
strength training exercises used in the clinical practice
of dysphagia?'?224,

No studies were found comparing the electrical
activity of the suprahyoid muscles during tongue
pressure activities separately performed in the anterior
and posterior palate region. This analysis will allow to
suggest which of these positions is best indicated as
an exercise for the rehabilitation of the suprahyoid
muscles.

Thus, the present research aims to analyze if
there is a correlation between the values found in the
tongue pressure measurements obtained through the
lowa Oral Performance Instrument (IOPI) with the bulb
in anterior and posterior position and the electrical
potential of the suprahyoid muscles researched by
surface electromyography.

METHODS

This is a cross-sectional, observational and
analytical study, carried out at the Observatério de
SaudeFuncional em Fonoaudiologia (Functional
Health Observatory in Speech-Language Pathology)
of the Department of Speech-Language Pathology,
Universidade Federal de Minas Gerais, Brazil, with
a non-probabilistic sample. Thirty seven individuals
participated in the study, 15 men and 22women with a
mean age of 24 years. The work was approved by the
Research Ethics Committee of the institution of origin
under number 0515.0.203.000-11.

Inclusion criteria were: signature of the free and
informed consent, age between 18 and 50 vyears,
absence of cognitive or structural changes in the
orofacial and cervical region, neurogenic diseases,
oral lesions that caused pain or discomfort and lack of
suction movement of tongue on the palate. Inclusion
criteria also included: do not use drugs that lead to
muscle weakness and report allergy to the materials
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used. These data were collected through interviews.
Exclusion criteria were: do not tolerate the IOPI bulb
in the oral cavity and do not perform all requested
tongue strength measurements. Data from EMGs that
presented excessive noise, making it impossible to
analyze them, were excluded as recommended by
Leniuset al.z.

The study was spread by the researchers through
invitations in informal conversations with students and
staff of the institution, as well as with acquaintances of
the researchers. The people with interest to participate
attended the evaluation place at the pre-established
time and date. At the meeting, participants were first
explained about the research, the risks and benefits
generated, followed by the presentation of the free and
informed consent and the signature of it.

All participants were submitted to medical history
analysis (for verification of the inclusion criteria) and
clinical evaluation, based on the MBGR?* protocol,
which included the items: tongue aspects, lingual
frenulum and occlusion. Besides, an item was added
about the floor of the mouth, which, according to the
subjective evaluation, was classified as elevated or
without elevation. The clinical evaluation was conducted
blindly by two evaluators. Through this assessment the
researchers evaluated the existence of some change
that could interfere in the accomplishment of the activ-
ities proposed in the research.

In an acoustically treated room, each individual sat
in a chair without a headrest, with the back resting,
relaxed hands on the legs and feet resting on the floor
on a rubber mat®. The individuals were informed about
the characteristics of the equipment and trained for the
proper execution of the movements. After, the partici-
pants were simultaneously evaluated through IOPI and
surface electromyography.

Evaluation with 10PI

The IOPI consists of an air bulb (3.5 cm long and
1 cm in diameter), a pressure transducer, a 1.5 cm
plastic tube that connects the bulb to the transducer
and a LCD screen. The IOPI bulb was positioned in two
regions: first in the anterior region of the hard palate,
just behind the alveolar papilla, and secondly in a more
posterior region, parallel to the first lower molars’.

Positioning the instrument in the anterior region of
the hard palate, the individual was asked to press it with
the tongue toward the palate with the greatest possible
strength for 2 seconds. This procedure was performed
three times, with a one-minute rest interval between
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them. The bulb was then positioned in the posterior
intraoral region and the tongue compression task on
the hard palate was performed using the posterior
region of the tongue in three series with the same
duration, frequency and rest. The researchers provided
verbal encouragement during the activities.

As the air bulb was pressed by the tongue, the
device picked up the generated pressure change. The
values were measured in kPa and were visualized on
the LCD screen of the device itself.

Evaluation with EMG

Concomitantly with the IOPI evaluation, an
electromyograph(EMG System do Brasil Ltda®), in
the eight-channel EMGB800C-832 version, was used,
coupled to a computer, using the manufacturer’s
Software (Aq Dados, version 5.05, Lynx Tecnologia
Eletronica LTDA) for data acquisition and processing.
The equipment recorded the muscular electric activity
in microvolts (uV) and the signal was filtered through
high pass filters of 20 Hz and low pass of 500 Hz,
amplified with gain of 1000x and common mode
rejection ratio>120 dB. The data were processed by a
16-bit analog-digital converter (EMG System do Brasil
Ltda®) with a sampling frequency of 2 KHz. The active
electrodes had an amplification gain of 20x. Of the eight
present channels, only two were used, the others being
disabled. Three electrodes were used: one reference
(ground) and two active.

A gauze soaked in 70% alcohol solution was used at
the electrode fixation sites to remove excess of oil from
the skin, allowing better conduction of the actionpoten-
tialsand reduction of the system impedance.

The reference electrode was placed on a prominent
bone, opting for the lateral epicondyle of the humerus,
according to the manufacturer’s instructions. The
reference electrodes used were 3M® brand, disposable,
pre-gelled, rectangular and self-adhesive. The electrical
signals were obtained by using pre-gelled, circular,
double and self-adhesive Hal® brand disposable
surface electrodes (Ag/AgCl), with 10 mm in diameter
and 20 mm of inter-electrode distance center to center,
bilaterally positioned on the skin in the submental
region, between the mandible and the hyoid bone?.
These captured the electrical potentials generated by
the muscles during their action. For the positioning of
these electrodes, the participant was asked to strongly
press the hard palate with the tongue in order to locate
the most prominent area of the suprahyoid region. The
fixation followed the longitudinal direction of the muscle



bundles bilaterally to minimize the possible interference
of the adjacent musculature. Thus, during the tasks
performed with the IOPI, the electrical potentials of the
suprahyoid muscles were captured for 10 seconds in
each activity, and the values found in RMS, of each
individual, were analyzed.

Considering that the present study seeks to identify
a possible correlation between IOPI and EMG, since
the first is not accessible to the clinician in Brazil, the
electrical potentials were also researched in the same
tongue movements against the palate, without the bulb.
For this, the same duration, frequency and rest time
were used.

Normalization

Before initiating activities with the IOPI, the partic-
ipant performed the normalization task®through the
exercise of suctioning the tongue against the palate
with strong pressure. Each participant performed three
suctions for 5 seconds, and the mean RMS of these
values was recorded as the normalization value of the
participant. There were intervals of 60 seconds between
each suction.
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Data Analysis

Sections in the collection of the electromyographic
signals were selected in order to obtain the analyzed
parameters. In each performed activity the double
electrodes captured the electrical potentials of the
suprahyoid muscle bundles on the right and left. Thus,
each performed activity provided two collections. Each
activity was captured in a window of 10 seconds and, in
the normalization, the individual performed the tongue
suction exercise with strength for 5 seconds. The
participant performed the other activities for 2 seconds.
Some collections were excluded due to excessive
noise.

As two researchers (A and B) were responsible for
defining the sections of the collections, for a greater
reliability a third evaluator (C) replicated 20% of the
sample. There was a very strong and significant
positive correlation in the analyses (Table 1). For
classification of the correlation coefficient, value lower
than 0.3 indicates negligible correlation; value higher
than or equal to 0.3 and lower than 0.5 indicates weak
correlation; value equal to or higher than 0.5 and lower
than 0.7 indicates moderate correlation; value equal to
or higher than 0.7 and lower than 0.9 indicates strong
correlation; and a value higher than or equal to 0.9
indicates a very strong correlation®.

Table 1. Correlation between the selected sections for analysis by the researchers

Variables Spearman Coefficient of correlation

Right side

Normalization task 0.90*
EMG - anterior pressure without I0PI 1.00*
EMG - posterior pressure without [OPI 1.00*
EMG - anterior pressure with I0PI 1.00*
EMG - posterior pressure with 10PI 1.00*

Left side

Normalization task 0.93*
EMG - anterior pressure without IOPI 1.00*
EMG - posterior pressure without I0PI 1.00*
EMG - anterior pressure with [OPI 0.95*
EMG - posterior pressure with I0PI 0.95*

* Significance level of 5%
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To define the sections to be analyzed, the three
evaluators followed the following procedures. When
the mean of the signal exceeded two standard devia-
tions of the mean of the noise®, it was established that
the individual initiated the muscle contractions from
the performed activities. For normalization, the data of
the first second of contraction were discarded and the
next three seconds were analyzed, also discarding the
end of the signal. In the other activities, the entire signal
was used, considering as the end of the contraction the
last point where the mean of the signal is above two
standard deviations of the mean of the noise.

The variables analyzed in the study were: tongue
pressure values in kPa obtained by IOPI in anterior and
posterior position; values of muscular electric activity
in UV obtained through the EMG of the suprahyoid
muscles, with and without the use of IOPI, in anterior
and in posterior positions, both on the right and on the
left sides.

The data were initially analyzed through measures of
central tendency and dispersion. To evaluate the corre-
lation of the data the Spearman coefficient was used
and, in the comparison of the samples, the Wilcoxon
test. STATA software (Stata Corporation, College
Station, Texas), version 12.0 was used, considering a
5% significance level.

RESULTS

The measures of central tendency and dispersion
of the data collected in the analyzed sample can be
observed in Table 2. The electric potential data (in uV)
captured from muscle bundles positioned on the left
tended to present higher values than from the ones on
the right. After normalized, the values without the |IOPI
bulb were higher on the right and, with the bulb, on
the left. As the collection performed with the IOPI was
unique, the data were only duplicated in the table.

Table 2. Data collected through the lowa Oral Performance Instrument and the surface electromyography, with and without normalization

Variables N Mean SD Median I1QR  Minimum Maximum
Right Side
Normalization task (uV) 37 50.4 371 35.3 39.7 13.4 168.6
EMG - anterior pressure without IOPI (uV) 36 36.9 25.6 311 15.4 15.8 150.7
EMG - posterior pressure without IOPI (uV) 36 48.7 42.7 33.3 29.3 11.4 245.5
EMG - anterior pressure with I0PI (uV) 37 47.2 32.2 39.1 25.8 21.1 180.1
EMG - posterior pressure with I0PI (uV) 37 59.0 64.5 451 27.7 15.1 393.6
Normalized EMG - anterior pressure without I0PI (%) 36 87.8 38.6 84.4 47.6 12.4 198.7
Normalized EMG - posterior pressure without IOPI (%) 36 109.4 537 96.9 70.8 29.6 228.9
Normalized EMG - anterior pressure with I0PI (%) 37 1146  66.3 105.2 47.0 23.3 360.6
Normalized EMG — posterior pressure with 0PI (%) 37 131.7 748 124.2 57.5 20.0 321.6
|OPI - bulbin the anterior position (kPa) 37 48.7 12.4 45.8 19.3 25.7 78.7
|OPI — bulbin the posterior position (kPa) 37 38.4 14.6 39.0 18.0 12.0 66.3
Left Side
Normalization task (uV) 36 56.6 46.7 40.5 445 12.4 239.0
EMG - anterior pressure without 0PI (uV) 35 40.3 29.8 29.8 20.4 15.4 167.1
EMG - posterior pressure without IOPI (uV) 35 55.8 57.5 39.0 35.2 10.7 332.6
EMG - anterior pressure with I10PI (uV) 36 53.8 38.6 45.8 28.8 19.0 214.6
EMG - posterior pressure with 0PI (uV) 36 68.7 85.7 449 40.5 12.0 526.6
Normalized EMG - anterior pressure without IOPI (%) 35 86.4 37.8 84.6 55.1 16.2 194.8
Normalized EMG - posterior pressure without IOPI (%) 35 107.0 458 105.8 75.0 25.2 216.3
Normalized EMG - anterior pressure with 10P1 (%) 36 1188 707 100.3 52.8 22.7 345.2
Normalized EMG — posterior pressure with 0PI (%) 36 1319 725 122.8 78.2 14.4 352.3
IOPI - bulb in the anterior position (kPa) 37 48.7 12.4 45.8 19.3 25.7 78.7
IOPI — bulb in the posterior position (kPa) 37 38.4 14.6 39.0 18.0 12.0 66.3

Legend: N: number of participants; SD: Standard Deviation; IQR: Interquartile Range; EMG: electromyography; I0PI: lowa Oral Performance Instrument
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In the verification of the correlation between the 10PI
and the non-normalized EMG data, a moderate and
significant classification was found only between the
findings of the posterior tongue activities on both sides
(Table 3).

Considering that in the present study the EMG
collections were performed with and without the IOPI,
it was sought to verify if the presence of the instrument
would interfere with the values.

In the normalized data (Table 4), when comparing
the presence or absence of IOPI, it was verified that the
electrical potentials measured with IOPI were higher
only in the tasks of anterior pressure, both on the
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right and on the left, compared to the values obtained
without the use of IOPI. Regarding the pressure site, a
significant difference was observed only without the use
of the IOPI: the posterior pressure generated greater
electrical potentials than the anterior one both on the
right and on the left. The found pattern of responses
for the non-normalized data was the same as the one
obtained with the normalized data.

Finally, the values obtained using the IOPI were
compared when the bulb was positioned in the anterior
part (48.7 kPa) and in the posterior one (38.4 kPa) of
the palate. According to the Wilcoxon test (p <0.001)
the anterior tongue pressure was higher.

Table 3. Correlation between the findings of the lowa Oral Performance Instrument and non-normalized surface electromyography

Tongue pressure (kPa) EMG (mV)
Right side
IOPI - bulb in the anterior position 0.19
I0PI — bulb in the posterior position 0.45*
Left side
IOPI - bulb in the anterior position 0.27
IOPI - bulb in the posterior position 0.50*

* Spearman’s Coefficient - significance level of 5%

Table 4. Comparison of the findings of normalized surface electromyography with and without the use of the lowa Oral Performance

Instrument
With the 10PI Without the 10PI p-value
Right side
Anterior pressure (%) 114.6 87.8 0.008*
Posterior pressure (%) 131.7 109.4 0.066
p-value 0.058 0.005* e
Left Side
Anterior pressure (%) 118.8 86.4 0.003*
Posterior pressure (%) 131.9 106.9 0.098
p-value 0.068 o0.007* e

* Wilcoxon Test — significance level of 5%

DISCUSSION

The IOPI has emerged as an instrument that
provides numerical data on the pressure and resistance
of the tongue. But its use is restricted in researches
in Brazil. This way, the access to an instrument that
correlates with the tongue pressure becomes relevant.
However, according to the analysis, the correlation
is moderate when the bulb is posteriorly positioned

and weak when in anterior position, suggesting that
independent aspects are evaluated in the examination.
This result confirms what was found by other authors:
the EMGs of the suprahyoid muscles do not adequately
represent the strength of the tongue in pressure activ-
ities of this organ against the palate®®.These authors®
explain that the two tests capture information from
different muscles. While the EMGs capture the activity
of the mylohyoid, geniohyoid and anterior belly of the
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digastric muscles, with minimal contribution of the
genioglossus one, the tongue pressure measurements
on the palate are generated mainly by the genioglossus
muscle, with a lower contribution of the suprahyoid
ones?®.

Considering that the present study sought ways
to infer about the tongue pressure since IOPI is not
commercialized in Brazil, measures were taken without
the IOPI, reproducing the same movements performed
in the use of the instrument. It was verified that only
the anterior measures are sensitive to the presence of
the instrument in the oral cavity and, with the presence
of the bulb in the anterior intraoral region, the electro-
myographic results were higher. This result suggests
a greater participation of the suprahyoid muscles
with the use of the IOPI, possibly for the support and
compression of the object against the hard palate,
leading to the capture of more electric potentials.
Another study?® discussed the impact of bulb presence
on the magnitude of the generated pressure. The
authors suggest that the presence of the bulb alters the
magnitude of the lingual pressure.

The concentration of intrinsic muscle tissue varies
according to the tongue region, being higher in the
posterior region (57.3%) compared to the anterior
(25.9%) and medium (44.4%)%'ones. It is believed
that the suprahyoid electrical activity captured in the
task of tongue lift against the palate differed between
the posterior and anterior regions not only due to the
difference in lingual muscle concentration, but also due
to the presence of other muscles recruitment, such as
the extrinsic ones of the tongue.The tongue pressure
against the palate in the anterior region recruits more
the genioglossus muscle than the tongue pressure
against the palate in the posterior region, position in
which the styloglossus and palatoglossal muscles
are activated. Since EMGs are sensitive to muscle
activation, tasks involving different muscles present
different results®.

When comparing the electromyographic values
according to the tongue pressure site (anterior or
posterior region), it was observed that the posterior
pressure generated greater electrical potentials than
the anterior one, but only without the use of the IOPI
bulb, suggesting that the IOPI also changes the pattern
of muscle contraction, not just the magnitude of the
strength.

It is worth highlighting that before the collection
some participants requestedrepetitions of the posterior
movements, in order to better understand the pressure
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that should be exerted on the hard palate with the
posterior part of the tongue. These individuals only
performed the activities after demonstrating an under-
standing of the proposed exercises, but this difficulty
of perception and accomplishment of the posterior
movement may have influenced the results, leading to
contractions of different muscles during the posterior
tongue exercises and greater electromyographic
findings in these activities.

When comparing the values found only with the IOPI
instrument, there was a greater tongue pressure in the
anterior position, possibly suggesting a higher tonus at
the apex of the tongue and not in the posterior region
of it, despite the greater muscular concentration in the
posterior region®'. These findings, higher in anterior
than in posterior regions, were also cited by another
study®?, whose authors assessed lingual pressure
during swallowing. The higher pressure values found
in the anterior region of the tongue may be explained
by the frequent strength that this region of the tongue
performs against the palate when initiating the antero-
posterior movement of propulsion of the bolus during
swallowing®.

The predominant muscle fiber type in each region of
the tongue also seems to contribute to greater strength
of the anterior region. Muscle strength and fatigue
resistance are determined by the characteristics of the
muscle fibers, especially the diameter, and by their
bio-energetic capacity to produce adenosine triphos-
phate (ATP), which provides energy for the contraction.
Muscle fibers can be categorized in type | and type
Il. Type | fibers are slower in the contraction, but are
more resistant to fatigue due to the greater capacity to
produce ATP by aerobic metabolism. Moreover, they
are relatively smaller in diameter than Type Il fibers and
therefore have less capacity of strength generation.
The fast-twitch type |l fibers are wider in diameter and
therefore have a greater capacity ofstrength gener-
ation, but are less resistant to fatigue. They can be
subdivided into types IIA, 1IB, IIAB and IIC. There is also
an additional type of fiber, type IM, which is present
especially in human masticatory muscles. 1IC and IM
fibers have intermediate characteristics between types
I and Il. The type Il fibers predominate in the anterior
region, capable of generating great strength, but during
a small period, because they quickly enter into fatigue.
In the posterior region, there is a predominance of type
| fibers, which generate less strength, but are more
resistant to fatigue, besides the IM and IIC types, which,



due to their intermediate characteristics, are adaptable
to the several finely modulated oral actions®.

It isworth highlighting that the muscle fibers in the
posterior region of the tongue are in horizontal orien-
tation®, while the anterior region presents perpen-
dicular and parallel fibers. Gingrich and colleagues
suggest that a smaller amount of fibers in the anterior
region of the tongue, arranged perpendicularly to
the bulb, may exert a greater strength than a greater
amount of fibers in the posterior region of the tongue
arranged horizontally to the bulb®.

Among the limitations found in this study, it was
noticed difficulty in understanding and performing
of the activities involving the posterior musculature
of the tongue and the capture of electrical potentials
of different muscles, already mentioned in previous
articles®*?°. Besides, as the bulb used in the research
did not remain fixed in the intraoral region of the mouth,
and as the coating material of this artifact is a plain
plastic, some participants reported thatit moved with
the pressure on the object, making it difficult to perform
the tasks. Thus, this difficulty may have interfered in the
results of both IOPI and electromyography, since these
muscle contractions, originated from the attempt to
paralyze the bulb, were possibly captured by the EMG.

CONCLUSION

The present study showed a moderate correlation
between the values found in the tongue pressure
measurements obtained by the lowa Oral Performance
Instrument (IOPI) and the electrical potential of the
suprahyoid muscles as researched by surface electro-
myography, only when performing activities with the
posterior portion of the tongue.
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